Objective: The extent of disagreement between large and smaller randomized, controlled trials on mental health issues is unknown. The authors aimed to compare the results of large versus smaller trials on mental health-related interventions.
Lar ge randomized, controlled trials are considered the gold standard for the evaluation of preventive or therapeutic interventions. However, often it is practically feasible to perform only relatively small randomized controlled trials. Several investigators have addressed whether the results of large trials agree with the results of smaller trials and meta-analyses thereof on the same topic. Villar et al. (1) reported moderate agreement between meta-analyses of small trials and large trials. Cappelleri et al. (2) concluded that the two methods usually agree. Conversely, LeLorier et al. (3) concluded that meta-analyses of small trials fail to predict the results of subsequent large trials in one-third of cases. A systematic comparison of all of these empirical assessments (4, 5) concluded that disagreements may be less prominent for primary outcomes and that, overall, the frequency of significant disagreements beyond chance is 10%-23%.
Prior investigations in the comparison of large versus smaller trials have typically not targeted mental health-related interventions. The vast majority of randomized controlled trials in mental health are of small sample size. It is important to understand how reliable these results are and whether we should expect large trials to confirm or to refute results from small trials. Moreover, the conduction of randomized controlled trials for mental health interventions may have peculiarities in terms of types of interventions, subject recruitment, and selected outcomes. Thus, we decided to evaluate the comparative results of large and smaller randomized controlled trials on mental health-related interventions across a variety of topics.
Method

Eligibility Criteria and Databases
We identified meta-analyses for mental health-related interventions that included data on at least one large and at least one small randomized controlled trial on the same topic. Data had to be available per arm for each study for the primary outcome of the meta-analysis. Large randomized controlled trials were defined a priori on the basis of sample size. Specifically, large randomized controlled trials were considered as those having more than 800 patients total in the two compared arms. We used a more conservative cutoff than the 1,000-subjects cutoff that has been proposed previously (1) (2) (3) since trials with >1,000 subjects are rare in mental health, and thus, a more lenient sample size threshold might be preferable. The cutoff definition was made a priori strictly for operational purposes and the term "large" or "small(er)" do not have any connotation for the quality of the trials.
Meta-analyses of mental health-related interventions were identified through the Mental Health Library 2002 (issue 1, last searched September 2002), a systematic compilation of all Co-
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http://ajp.psychiatryonline.org chrane and Database of Abstracts of Reviews of Effectiveness (DARE) systematic reviews that pertain to mental health (6) . A total of 161 Cochrane reviews and 254 DARE reviews were scrutinized. In case of overlapping reviews, only the most updated one with complete information was retained. Whenever a meta-analysis had included also controlled trials without any random assignment, these were excluded. Both binary and continuous outcomes were considered eligible for the analysis. Meta-analyses of binary outcomes had to provide or allow the calculation of the number of events and subjects in each arm. Meta-analyses of continuous outcomes had to provide or allow the calculation of the number of subjects and means and standard deviations in each arm.
Whenever a meta-analysis used different binary or continuous outcomes, we selected only the primary outcome as stated by each meta-analysis. Whenever the primary outcome was unclear, we selected the one with the largest number of studies. If several outcomes had the same number of studies, we selected the clinically most important one, as deemed independently by two authors. When a meta-analysis had available data for several interventions, each set of interventions was considered separately.
Data Extraction
For each trial, we extracted information on author, year of publication, intervention, primary outcome, as well as events per subject in each arm for binary outcomes and number of subjects and means and standard deviations in each arm for continuous outcomes. We also extracted information on items of reported quality that may be related to the effect size in randomized controlled trials (7, 8) : double blinding (yes versus no), generation of randomization sequence (adequate versus inadequate or not stated), and adequate allocation concealment (adequate versus inadequate or not stated). Generation of the randomization sequence refers to the mode of randomization; adequate modes include computergenerated numbers, random-number tables, coin or dice toss, or other methods that ensure random order. Allocation concealment means that neither the experimenter nor the subject randomly assigned has any hint beforehand to which arm the subject is most likely to be assigned. This can be achieved by use of a central facility or central pharmacy or with sealed and opaque envelopes (7, 8) . Two investigators extracted data independently, and consensus was reached on all items.
Statistical Analysis
For each eligible meta-analysis, we combined data from all studies and separated data from the large studies and those from the smaller studies. Between-study heterogeneity was evaluated by using the Q statistic and was considered statistically significant for p<0.10 (9) . Not finding significant heterogeneity in some of these meta-analyses does not necessarily prove homogeneity since type II error cannot be excluded. We used both random-effects and fixed-effects calculations (10, 11) . Studies were weighted by the inverse of their variance. Random-effects models (10) incorporate an estimate of the between-study variance, and they tend to give wider confidence intervals than fixed effects (9) when between-study heterogeneity is present; otherwise, fixedand random-effects estimates coincide. Random effects are presented in the Results unless stated otherwise. While randomeffects estimates are more appropriate, some experts suggest that in the presence of heterogeneity, no summary results should be presented and that the key issue is to try to understand the sources of heterogeneity.
For binary outcomes, we used the odds ratio as the metric of choice for the effect size. Calculations were based on the MantelHaenszel (11) and DerSimonian and Laird (10) models for fixed and random effects, respectively. For continuous outcomes, we used the weighted mean difference, and data synthesis used general variance models (12) .
To evaluate the concordance between the results of small and large trials, we evaluated whether the difference in the effect sizes in large versus smaller trials was more prominent than what would be anticipated by chance alone. We estimated the z score for discrepancy (z=[effect size in large studies -effect size in small studies]/[standard error of the difference of the effect sizes]) (2) .
An absolute z score >1.96 suggests that the difference between large and smaller trials is beyond chance at the 0.05 level of statistical significance. Effect sizes are the natural logarithm of the odds ratio for binary outcomes and the absolute difference for continuous outcomes. Discrepancies were similar when we used a more conservative definition for the z score (not shown) (13) .
We also assessed in how many cases the effects were in the opposite direction in large versus smaller trials and in how many cases the effect was in the same direction, but the odds ratio or absolute difference differed twofold between large and smaller studies. For each meta-analysis, we also examined whether the summary effect sizes differed beyond chance for trials with different reported quality attributes. Finally, we explored whether differences in doses and dropouts may exist whenever large trials disagreed with smaller ones.
Analyses were conducted in Meta-Analyst (Joseph Lau, Boston) and SPSS 11.0 (SPSS Inc., Chicago). All p values are two-tailed.
Results
Eligible Meta-Analyses
Sixteen eligible meta-analyses with 133 randomized controlled trials (small: N=101, large: N=32) were analyzed ( Table 1 ). The number of large studies per meta-analysis ranged from one to eight (the total number of patients in all of the large studies ranged from 908 to 10,948). The number of small studies per meta-analysis ranged from one to 22 (the total number of patients in all of the small studies ranged from 147 to 3,490). In four of the 16 metaanalyses, the cumulative sample size of all of the small trials exceeded the sample size of all of the large trials. In two meta-analyses, the average number of subjects per small study was <100; in nine, it was 100-250; and in five, it was 251-400. The average sample size per large study was 900-2,000 in 14 meta-analyses and over 2,000 in two metaanalyses. All large trials were multicenter, with three exceptions, whereas of the 101 small trials, 53 were multicenter, 35 were single center, and for 13, it was not specified whether they were single center or not. Fourteen meta-analyses had binary primary outcomes and two had continuous primary outcomes (Table 1) .
Between-Study Heterogeneity
In five meta-analyses (identification numbers 1, 3, 4, 12, and 15 [14, 16, 17, 22, and 23] ), there was statistically significant between-study heterogeneity. In two cases (numbers 1 and 12 [14, 22] ), heterogeneity continued to exist between small trials. In one of the six cases where at least two large trials were available (number 12 [22] ), heterogeneity was also present between the available large trials.
Disagreements in Large Versus Smaller Trials
In three meta-analyses of binary outcomes (numbers 4, 5, and 15 [17, 18, and 23] ) and in one meta-analysis of continuous outcomes (number 1 [14] ), the effect sizes of large and smaller trials differed beyond chance (Figure 1) . Thus, the overall rate of disagreement was 25% (four of 16).
In trials addressing the effect of day care on the cognitive development of children (number 1 [14] ), a large trial (25) found significantly more conservative results than the smaller trials. Three small trials showed that attendance of day care by preschool children was associated with better IQs at 36 months with a 24-point IQ difference. The only available large trial showed a much smaller, 9-point IQ difference (25) .
Nine small trials of risperidone versus typical antipsychotic medications for schizophrenia (number 5 [18] ) showed a significant decrease in treatment failures, as measured by a reduction in positive and negative symptom scores of at least 20%. On average, treatment failures were halved in these small trials. Nevertheless, a single large trial with a sample size almost similar to that of the nine smaller trials combined showed no difference between risperidone and haloperidol (26) .
The opposite scenario was seen in the case of olanzapine (number 4 [17] ). Three small trials of olanzapine ver- sus other typical antipsychotics for schizophrenia did not show any difference in clinical failure rates at 6-8 weeks.
The single large trial showed a significant difference, with half the clinical failures with olanzapine compared with haloperidol (27) . Twenty-two small trials showed that discontinuation of antidepressants in patients with depression (number 15 [23] ) was associated with a sixfold increase in the rate of relapse compared with the continuation of medication. A single large trial (28) with a sample size in the same range as the total sample size of the 22 smaller trials also showed a significant increase in the relapse rate, but the increase was only about twofold rather than sixfold.
Other Potential Disagreements
The summary estimates of the large and smaller studies were always in the same direction. However, in three meta-analyses (numbers 4, 5, and 15 [17, 18, and 23] ), the magnitude of the odds ratio differed over twofold between the large and smaller studies, and in another meta-analysis (number 1 [14] ), with continuous outcomes, the effect size differed over twofold between large and smaller studies. These cases included the olanzapine, risperidone, antidepressant discontinuation, and day care meta-analyses described. In addition, a large difference in the effect size was also documented in the meta-analysis of intercessory prayer for the alleviation of ill health (number 3 [16] ). Although the three smaller studies suggested an odds ratio of 0.31 with a potentially large benefit from intercessory prayers against bad outcomes, the largest trial, with 1,013 randomly assigned subjects (29) , found absolutely no benefit from such intercessory prayers (odds ratio=0.96). Given the large confidence intervals, the results of the smaller and large trials were not statistically incompatible with each other, but the divergence in the suggested effect size was considerable.
Fixed Effects
With fixed-effects models, disagreements beyond chance between large and smaller trials were observed in five cases (31.3%). Disagreements were similar to those observed with random-effects calculations, plus the intercessory prayers meta-analysis that showed significant disagreement by fixed-effects calculations. The same four meta-analyses showed over twofold differences in the effect size with fixed-effects as with random-effects calculations.
Quality and Study Design
Of the 133 analyzed trials, 56 were double blind, but only 18 reported an adequate mode of random assignment, and only seven reported adequate allocation concealment. Five meta-analyses (numbers 2, 3, 4, 6, and 15 [15-17, 19, 23] ) included only double-blind trials, and 10 meta-analyses (numbers 1, 7, 8, 9, 10, 11, 12, 13, 14, and 16 [14, 20-22, 24] ) included no such trials. The relative benefit of risperidone was significantly larger in the two unmasked trials than in the eight double-blind trials (Figure 2 ). Eleven and six meta-analyses, respectively, had at least one trial with adequate reporting of the mode of random assignment and allocation concealment (Figure 2) . In six meta-analyses, trials with adequate reporting of the mode of random assignment had less impressive results for the experimental intervention compared with trials where the mode of Table 1 . Whenever there was more than one large or more than one small trial, their summary effect is shown and calculations were performed with random-effects models. The middle image shows effect sizes and 95% confidence intervals in the large trial and each small trial of day care attendance by preschool children. The outcome is IQ at 36 months. The image at the bottom shows effect sizes and 95% confidence intervals in the large trial and each small trial of nimodipine for dementia. The outcome is change in cognitive function. b Meta-analyses with significant difference beyond chance between large and smaller trials (p<0.05). Small trials Large trial random assignment was inadequate or not stated. The opposite was seen in five meta-analyses ( Figure 2 ). In four meta-analyses, trials with adequate allocation concealment had less impressive results for the experimental intervention compared with trials where allocation concealment was clearly inadequate or not reported; the opposite was seen in two meta-analyses ( Figure 2 ). With two exceptions (numbers 1 and 5 [14 and 18] ), the effect sizes did not differ beyond chance in trials with versus without these quality attributes in any of these meta-analyses. For day care in preschool children, the single large trial was also the only one to have adequate description of the mode of random assignment and allocation concealment. For risperidone, the single large trial was also the only one to report an adequate mode of random assignment.
In the olanzapine meta-analysis, studies differed in the doses of both olanzapine and the comparator (haloperidol). In the larger study, a high proportion of patients did not complete the 6 weeks of treatment, and the rate was higher in the haloperidol arm (53% versus 34%). This could be in part due to the high doses used in the control group and could have affected the efficacy results (30) . In the risperidone and discontinuation of antidepressants metaanalyses, various doses were also employed across different trials. There was no clear pattern to separate small versus larger trials, although for risperidone, there was a nonsignificant tendency toward different effect sizes, depending on whether high-or low-dose comparators were used.
Discussion
Our empirical data suggest that in the field of mental health, evidence from small trials is usually not incompatible with the results obtained from large trials on the same question. Nevertheless, in one of four cases, we observed discrepancies beyond chance in the results of large versus smaller trials. Frequently, the effect size was much different in absolute magnitude in large versus smaller trials. In most but not all discrepancies, the large trials tended to give more conservative impressions about the intervention (or the newer intervention, when interventions were compared), whereas the smaller results conveyed a more enthusiastic picture.
Our findings are in line with previous research comparing meta-analyses of large versus smaller trials in other fields, such as perinatal medicine, cardiology, infectious diseases, surgery, and oncology (1) (2) (3) (4) (5) . In these fields, discrepancies beyond chance were noted in 10% to 23% of cases by random-effects calculations (1) (2) (3) (4) (5) . The 25% disagreement rate that we observed in mental health is com-
FIGURE 2. Comparison of the Effect Sizes and 95% Confidence Intervals in Studies With and Without Specific Quality Attributes a
a The meta-analysis numbers correspond to the meta-analysis numbers in Table 1 . Whenever there was more than one trial with or without a quality attribute, their summary effect is shown and calculations were performed with random-effect models. For meta-analysis number 1 (day care for preschool children), only the large trial had an adequate mode of random assignment and allocation concealment. The observed effects on IQ are shown in Figure 1 . No trials had an adequate mode of random assignment in five meta-analyses, and no trials reported adequate allocation concealment in 10 meta-analyses (not shown). b Meta-analyses with significant difference between trials with, versus without, the quality attribute (p<0.05). patible with these figures. Fixed-effects estimates of discrepancies tend to be higher, and our current estimate of 31% is also compatible with previous investigations in other fields (1) (2) (3) (4) (5) . We should caution that seven of the 16 meta-analyses that we addressed dealt with smoking cessation, a topic that some investigators may not consider as pertaining to the mainstream of mental health. We believe that the inclusion of these meta-analyses was warranted, given the major importance of the psychological dependence and the strong mental dimension in the establishment of the smoking epidemic. However, exclusion of these meta-analyses would increase the rate of disagreements in our series to 44% (four of nine). Therefore due caution is probably needed on interpreting the results of small trials on mental health interventions.
Meta-Analysis Number
Empirical investigations from other medical fields suggested that variability in the treatment effects of trials may reflect quality differences. In particular, it was claimed that double-blind, adequately randomized, and adequately concealed trials may show more conservative effects for the experimental treatments, compared with trials not meeting or not stating such quality items (7, 8) . However, recent work (31) has not shown any consistent dependence between these quality items and effect size. Our appraisal of these quality items in mental-health-related trials showed that the differences between "good" and "poor" reported quality trials were also not consistent. In two meta-analyses, the single large trial was also the only one to meet some of these quality aspects, so it is unknown whether differences in effect sizes were due to sample size or the quality of the trial design. Unmasked trials gave more conservative results than double-blind trials in the case of risperidone, but this was an isolated observation. Moreover, it is unknown whether the lack of reporting of specific quality items means that a trial is of poor quality or simply poorly reported (32) . The advent of the Consolidated Standards of Reporting Trials guidelines (33) should help standardize the reporting of trials across medical fields. This is particularly important for mental health, where our study showed that few trials report an adequate mode of random assignment and allocation concealment. Poor reporting makes difficult the overall assessment of the randomized literature in mental health.
When small and large trials disagree, it is unknown whether the larger trials should be considered to be more reliable. There are several other considerations beyond trial quality. Small trials have large standard errors by definition. With multiple studies addressing the same research question, the most extreme effect sizes may occur with the smallest sample size. In the presence of some publication bias (34) , the largest effect sizes may be seen with the smallest trials. Conversely, large multisite trials are actually summaries of many small trials (the different sites involved) with relative disregard for the potential disagreements between the results observed at different sites. Many of the smaller studies may also be conducted at several clinical sites. In some cases, large and smaller trials may be targeting different patient populations with variable background risks (35) . For various mental-healthrelated interventions, large trials may be less selective, whereas small trials target patients who have the highest likelihood of response. Thus, in cases of disagreement, small and large trials should be carefully scrutinized for hints to important sources of latent diversity (36) . Discrepancies may be due to more than one cause in each case. For example, in the case of risperidone versus haloperidol, an updated review (18) contains a number of small trials with "negative" results that had previously remained unpublished. Moreover, these trials differed in the dose of haloperidol. Thus, the original discrepancy may be explained by a combination of publication bias and different design in small versus larger trials. Detection of such sources of heterogeneity may give us important hints about the overall integrity and validity of clinical research in mental health (37, 38) .
We should acknowledge that the definition of "large" trial is unavoidably arbitrary. Moreover, we could identify only 16 meta-analyses in which both large and smaller trials were available, despite the fact that we searched more than 400 systematic reviews. The dearth of meta-analyses with large trials reflects mostly the fact that few such large trials are conducted in the field of mental health. In a recent evaluation of schizophrenia trials, only 2% of 2,000 studies had a sample size exceeding 400 patients (39) . The performance of large trials should be encouraged in the broader mental health field (40) . Nevertheless, large trials will never be performed for most clinical questions because of limitations in resources. For behavioral and psychosocial interventions, standardization of interventions across multiple therapists is difficult. Moreover, even small trials may provide evidence conclusive enough for practical purposes. Additional large trials may be deemed unnecessary or even unethical if small studies have shown a large treatment effect. Therefore, evidence-based medicine will often have to depend on the results of small trials and meta-analyses thereof. Attention to the design, conduct, analysis, and reporting of all trials, regardless of sample size, is thus important, and all trials should be examined as forming a continuum of evidence.
